. Brilliant et al. (1978) described the distribution of PBB body burdens among a random sample of lactating women, and estimated that as many as 97 per cent of Michigan residents could be expected to have detectable levels of PBB.
The distribution of PBB body burdens was skewed geographically, higher levels being found in the more populous lower peninsula. Other studies have suggested that levels of PBB in the Michigan population decrease with increasing distance from contaminated farms (Wolff et al. 1978 ) and appear to be higher in males and children (Wolff et al. 1982) . There are insufficient data available to describe agespecific distributions. Kimbrough et al. (1978) and Matthews et al. (1977) (Wickizer et al. 1981) .
Paired studies among farmers who had been shown to have very high serum PBB levels suggest long term maintenance of PBB in body fat (Wolff et al. 1979 ).
More recently, Kreiss et al. (1982) examined matched serial specimens from a sample of over 800 Michigan residents at three intervals, each one year apart, and found a decrease of 0.001 ppm after the first and second years.
Changes in PBB body burden occur as a result of several interrelated factors including continued exposure to PBB, partitioning boundaries between various body stores of PBB, fatty acid metabolism, and excretion in the feces (Ester et al. 1982 ).
The present study provides additional insight into the persistence of PBB at the population level from observations over a continuous 32-month period on a large sample of lactating Michigan women. Specimens of breast-milk were collected, shipped to the Environmental Research Group, Inc., labeled and analyzed for PBB as described previously (Wickizer et al. 1981) .
METHODS AND MATERIALS
Only one specimen per person was analyzed. All specimens received during the 32-month period (May I, 1976 to December 31, 1978 were analyzed and defined the total study population of 2986 women.
Age, current residence in Michigan, and the date of specimen collection were recorded.
RESULTS AND DISCUSSION
There were 2986 breast-milk specimens submitted to be analyzed for PBB.
Each specimen was from a nursing mother residing in the state of Michigan between May 1976 and December 1978.
The mean age of these female respondents was 28, ranging from 17 to 44 years.
Women reported living at their current addresses for an average of 13 years (range = I to 39 Figure I.
MONTH
Number of breast-milk specimens submitted for PBB analysis by month (1976) (1977) (1978) in Michigan.
PBB concentration in breast-milk samples ranged from nondetectable (342 cases) to 2 ppm with a mean of 0.097 ppm.
The distribution of PBB was skewed toward the lower concentrations with a median value of 0.06 ppm. Log transformation normalized the skewed shape of the data indicating that the most representative mean was the geometric mean of 0.1 ppm.
The large sample size provided a detailed picture of PBB distribution in Michigan by county. Fig.  2 shows that the counties with PBB geometric mean concentrations greater than or equal to 0.5 ppm tended to be in the central western portion of the state and overlapped the area where the original spill occurred.
Concentrations of PBB decreased from east to west in the Lower Peninsula and west to east in the Upper Peninsula. This pattern is consistent with anecdotal and previously published reports (Carter 1976; Meester 1979; Wolff et al. 1982) . (1976) (1977) (1978) in parts per million. The proportion of fat in breast-milk was found to vary from specimen to specimen and to have a positive correlation with PBB (p < 0.001); changes in fat content were examined as one possible explanation for these trends in PBB.
The concentration of fat in breast-milk specimens was independent of the date of specimen cgllection (p = 0.07); therefore, changes in breast-milk fat do not provide an explanation for the observed downward trend.
Earlier response by women from counties with greater PBB contamination would provide another explanation for this trend.
This would be consistent with a higher degree of publicity, awareness, and concern among such women.
To control for the timing of response by women from different counties, an analysis of covariance was performed.
This analysis tested for a trend over time in PBB concentration within each county where there were at least five breast-milk specimens.
There were 50 such counties; of these only one demonstrated a significant decrease (p < 0.05) in PBB breast-milk concentration over time.
Given the number of comparisons made, it is accurate to report that PBB was not declining.
As suggested above, it was the earlier response from more contaminated counties and the later response from less contaminated counties that explained the apparent time trend.
We here report a geographic gradient in the PBB of breast-milk from 2986 self-selected Michigan women; highest levels were found nearest the original spill. After adjustment for county of residence, PBB concentration did not appear to be decreasing significantly over time.
This self-selected sample of 2986 women represents less than 2 per cent of the estimated 171,000 mothers in the state who would have been eligible for free testing during the study period. The sample, however, is very large and includes women from almost 80 per cent of Michigan's counties.
Women from the affected areas of Michigan were expected to respond with greater frequency than women who resided in less affected areas of the state.
Other women who suspected or feared higher than "normal" levels of PBB contamination in their breastmilk were also expected to respond with increased frequency.
Both factors may systematically bias population estimates of overall PBB concentrations upwards. They are unlikely to affect secular trends within the sample.
There is evidence that PBB concentrations in body fat are very stable (Wolff et al. 1979) . Paired serial adipose specimens from individuals did not significantly change over a period of one year after PBB exposure was removed (Wolff et al. 1979) .
However, when serum specimens were monitored for PBB concentration over a oneor two-year period, decreases were detected (Kreiss et al. 1982) . Transport of PBB from adipose tissue to serum or other tissues may be occurring over fairly long periods, but the rates of transfer remain to be described.
Presence of PBB in women appears sufficient to expose the fetus (ESTER et al. 1982 ). Both such previous work and data reported here suggest that individual decrements in body burdens of PBB are likely to be minimal. A different dynamic model for PBB persistence in the population is conceivable. Using a vocabulary usually reserved for infectious disease transmission, we can term the exposure of PBB in Michigan food a common source "outbreak" with on-going "transmission" through contaminated food. After the Michigan food chain had been cleared of PBB in 1977, the only person-to-person "transmission" has been through breast-milk and placental transfer. Thus, from an epidemiological perspective, the exposure was more or less finite in time. The immigration of unexposed individuals should eventually "dilute" the overall mean concentration of PBB in the Michigan population.
Similarly, because PBB is transmitted to offspring, such transmission (albeit undesirable) will produce the same effect.
The lack of a substantial decline in PBB during the period of this study suggests that such "dilution" did not occur during the 32-month period of data collection. Future studies may detect lower mean PBB concentrations as further immigration and pregnancies exert a population influence.
The concentration of PBB observed in this study was, for the most part, consistent with other reports (Brilliant et al 1978; Wolff et al. 1979) . Brilliant et al.
(1978) described a median of 0.068 ppm PBB with a range from undetectable to 1.2 ppm in a random sample of women lactating during 1976.
That estimate was essentially identical to the median reported here, i.e., 0.060 ppm. Wolff et al. (1982) analyzed adipose tissue from a random sample of Michigan residents two years later, in 1978, and reported a median concentration of 0.199 ppm.
Adipose tissue partitions slightly more PBB than breast-milk (1.01:1) (Brilliant et al. 1978 ); furthermore, the higher median value may reflect differences in the age and sex of the sample, as children and adult males have consistently higher concentrations than adult females (Wolff et al. 1982) . In addition, the mean breast-milk fat content of specimens analyzed here was about I gram/100 ml lower than that generally observed (Wickizer et al. 1981) ; this was probably due to the collection of fore milk which has a lower fat concentration than hind milk.
The concentration of PBB, a strongly lipophilic compound, was associated with the fat concentration in breast-milk; thus, the lower content of fat in the fore milk may have somewhat reduced PBB concentrations.
